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Enhancing keratinocyte migration with clostridiopeptidase-A-collagenase 



(57) Clostridiopeptidase A coilagenase is used to 
enhance the migration and proliferation of keratinocytes 
in wound healing or in the growth of artificial skin grown 
in vitro. The wound is contacted with an effective amount 



of the purified enzyme that is substantially free from oth- 
er proteinases. The artificial skin is grown in the pres- 
ence of an effective concentration of purified Clostridi- 
opeptidase A coilagenase substantially free from other 
proteinases. 
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Description 

This invention generally relates to the use of a particular form of collagenase to increase the motility of keratino- 

s ^"Keratinocytes are the predominate cell type of the epidermis. They arise by mitotic division from the stem cells 
constituting the deepest layer of the epidermis. The keratinocytes migrate upwardly, changing in structure and function 
until they become mature keratinized cells at the surface of the skin and are eventually sloughed off. 

The rate of healing of wounds is affected, jnter alja, by the rate of keratinocyte migration and proliferation. 

Collagenase has been used to ameliorate various pathologic conditions of the body, and the effect of endogenesis 
10 collaqenase on certain body functions has been studied. 

Chiulli and Wegman, U.S. Patent 3,705,083 (1972), produced from Clostridium histolyticum a combmat.on of col- 
laqenase and another protease, and used it in ointment to debride necrotic tissue from dermal lesions such as burns, 
infected wounds and ulcers. This ointment has been on the market for the past 25 years. They also proposed I using 
the combination as an injectable solution to facilitate internal sloughing and reabsorpt.on of phys.ologically antagon.suc 

Sussman US Patent 3.67B.158 (1972), injected purified collagenase into herniated intravertebral discs. 
Cope, U.S. Patent 4,174,389 (1979), used Clostridiopeptidase A collagenase for the selective lysis of collagen 
fibrils in the vitreous of the eye. r u„„«„ 
Pinnell, U.S. Patent 4.524,065 (1 985). treated mammalian cicatrices such as acne scars, keloids and other hyper- 
20 trophic scars by intralesional injection of purified collagenase. 

Wehling, U.S. Patent 5,173,295 (1992) used purified collagenase to enhance regeneration of injured nerves. 
Gelbard' U S Patent 4,338,300 (1982). injected collagenase into the plaques of Peyronie's Disease. 

W E Zimmerman (PP- 131-141) "The Importance of Collagenase for the Local Treatment of 

Major Burns.- states that collagenase used on burns exerts a concomitant beneficial effect on the formation of tissue 
25 nroliferations and may thus be used to advantage in the treatment of varying types of wounds. 

P HeTan Journal, of Cardiovascular Pharmacology 22 (Suppl. 4): S25-S36 (1 993), "Molecular Mechanisms Reg- 
ulating the Vascular Endothelial Cell Motile Response to Injury." reported that a commercial non-homogeneous prep- 
aration of bacterial collagenase routinely used for the isolation of vascular cells from blood vessel segments increased 
the rate of migration of vascular endothelial cells on an injured epithelial cell-synthesized matnx in v.tro from two to 
30 five times the rate for vascular endothelial cells on intact matrix. ...... 

The present invention enhances the migration and proliferation of keratinocytes in wound healing by contacting 
same with Clostridiopeptidase A collagenase (EC 3.4.24.3), obtained by fermentation of Clostridium histolyicum, that 
has been purified to be substantially free from other proteinases. Preferably, an open wound ,n the skin is treated by 
contacting exposed subcellular matrix with the said purified collagenase in an amount effective to enhance the rate 
of migration of keratinocytes towards the wound edges. Contacting keratinocytes means contact.ng them d.rectly, and/ 
or indirectly by contacting the sub-cellular matrix. 

The purified collagenase is preferably applied as an aqueous solution, e.g. dissolved ,n phosphate-buffered sal.ne. 
It may also be used in admixture with other pharmaceutical^ acceptable liquid or solid carriers includ.ng slow release 
carriers. The mature and use of such carrier is within the skill of the art. 

Suitable concentrations may range from about 0.5 ABC units collagenase/ml or less up to about 150 ABC unrts 
ml or more i e about 5 ng/ml or less up to about 1,500 jig/ml or more. Concentrations often will be in the range of 
about 2 to about 50 ABC units/ml. The amount of the purified collagenase applied will be sufficient to increase sub- 
stantially the migration rate of the keratinocytes towards the wound edges, preferably at least three-fold over the , rate 
that would prevail without the treatment. Of course, the larger the wound the greater the amount of the punfied colla- 
rs qenase to be used. Also, the more body fluid present or expected to be present in the wound, the higher the concen- 
tration of collagenase solution that will be used. The physician will use his/her professional judgment in these matters^ 
The potency assay of collagenase is based on the digestion of undenatured collagen (from bovine tendon) at pH 
7 2 and 37° C for 20-24 hours. The number of peptide bonds cleaved are measured by reaction with ninhydrm. Amino 
groups released by a trypsin digestion control are subtracted. One net ABC unit of collagenase will colubilize ninhydrm 
so reactive material equivalent to 1.09 nanomoles of leucine per minute. 

The assay of collagenases for other proteinases is based on ability to digest casein. Th.s caseinase assay proce- 
dure combines (1) the idea of Reimerdes and Klostermeyer [methods Enzymol 45: 26-28 1976)] to determine the 
amount of primary amino groups present int he trichloroacetic acid-soluble digestion products with (2 ) the me hoc I of 
Udenfriend let al. [Science 178: 871 -2 (1 972)1 to detect the primary amino groups fluorometncally. The sample is incu- 
ss bated with added casein, which is not soluble, at 37'C for 20-22 hours. The sample is quenched with tnchloroaceUc 
acid and the undigested casein is then centrifuged out. Solubilized peptides result from the action of caseinase .n the 
sample on the added casein. Each peptide molecule has a terminal primary amine group. Fluorescam.ne™ «s added 
to the supernatant and reacts with primary amine groups producing fluorescent molecules. The fluorescence ,s meas- 
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urpd and a calculation aives a caseinase activity as FFC units. 

The ^esen^ventS in another aspect provides a method of enhancing the migration and proliferation of kerat- 
inocytes EE groT o Artificial skin in vitro by growing the artificial skin in the presence of added C.ostnd.opep.dase 
A coVaqenase L has been purified to be substantially free from other proteinases. Artificial sk.ns are useful as tern- 

5 tESE^Tto burns aSd ulcers, and are used for testing of cosmetics and household cleansers ,n vrtra 

P In applying the present invention, the purified Clostridiopep.idase A collagenase described herein ,s added to 
provide a concentration in the growth medium of from about 0.5 ABC units collagenase/ml or less to about 150 ABC 
units/ml or more, thereby enhancing the migration and proliferation of keratinocytes. Some examples of art-heal sk,ns 
whose arowths can be favorably affected by this invention follow. 

to Advanced Tissue Sciences of La Jolla, C A has marketed Dermagraft™ as a skin substitute. A mesh scaffold made 

from^ctic Sd W co,ic acid copolymer, about 90 iut, thick with openings of about 200-220 urn ^""f^fi" 
fibroblasts from neonatal foreskins. The cells bridge sufficiently to secrete skin proteins and proteoglycans. See Hub- 
hell JA et al Chemical and Engineering News pp. 42- 53 (March 13, 1995). ... hqc 
Graftskin™ has been introduced by Organogenesis of Canton, MA. See Nolte CJ et al. Journal of Anatomy 185 

' S (Pt ' AdvSelStSlences has also marketed Skin* tm as . skin substitute for in vitro testing 

hold chemicals and other products. See Stoppie P et al. European Journal of ^Morphology 3 1 ( -2). 26-9 (1993). 
See also Hansbrough JF et al., Journal of Bum Care & Rehabilitation 14(5): 485-94 (1993). 
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The effect of collagenases of varying purities on the motility and proliferation of keratinocyles was determined in 
vitro, employing sub-cellular matrices synthesized from vascular endothelial cells. 

25 Vascular endothelial cell culture 

Endothelial cells are isolated from living bovine vessel segments. Rings of aortae are obtained on ice from an 
abaSlle^ aliheends and filled with balanced salts (BSS, End*.la. ce»s ^ZZZrtTZ^l 
n i«y collanenase dissolved in BSS by incubation at 37'C for 30 minutes-one hour. Cells are pelleted at 20Og tor t, 
^£T^lZ^lre and the resultant pellet resuspended in growth media containing 5% call serum. Cells 
naSZZ Mo tissue culture at 50K cel.s/25 cm*. Following growth to confluence, cells are typsinized and passaged 
at 1:5 split. Cells are used between passages 5- 15. 

Endothelial-derived matrix: 

One week post-confluent endothelial cells are washed with BSS prior to lysis in steril e solution "fining 
sodium deoxycEolate in 0.015M MaCI. 0.001 M EGTA buffered with 0.02M Tris-CI pH 7.8 
sulfonvl fluoride (PMSF) as a protease inhibitor. Two room temperature detergent treatments, each lasting 1 5 minutes 
arSoweX five washes wSh BSS, each wash lasting 5 minutes. Keratinocytes are then plated directly onto washed 
40 matrices or matrices are digested with collagenase solutions. 

Treating matrices with collagenases: 

Endothelial matrices, prepared as described above are treated for 60 minutes at 37°C with various 
of collaoenases dissolved in BSS (0.9% sodium chloride) containing 2mM CaCfe. Collagenase dose ranges from 0-128 
Um M^0^S\a Q ena S e. Matrices treated with the enzyme are then washed with BSS without calcium and 
keratinocytes and then plated. (U means ABC units). 

Human keratinocytes: 

At circumcision, foreskins are placed into GIBCO Keratinocyte-SFM ™f™* G ^ C ^ 
and 157-015) at 5 uq/ml Tissue is then rinsed in BSS with gemamycin prior to cutting into pieces of 3-4 mrnf 1 issue 
pieced are then inched for 18 hrs at 4-C in 25U/ml dispase (Collaborative Research cat.no. 40235). After d.spase 
'ZlaZx*^™* layer of human keratinocytes is lifted from the dermis and placed into 1 5 ml ™^ «*» 
containina trvDsin-EDTA (2ml) Following a 15 minute incubation at 37°C, cells are sedimented and plated ,n Kerat.- 
^SST^^tM seeding density of 3 x 10* cells/T (75cm*) flask, cells are incubated and passaged using 
trypsin-EDTA when the flask is 60-70% confluent. 
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Motility and growth studies: 

For cell motility (wound healing) studies, keratinocytes are plated at near<onfluent densities on intact or colla- 
genase-treate matr ces (100K ceStorn*). Cells plated on glass microscope cover slides with matrices attached are 
s STor infc a specia y-designed culture chamber that mounts on the stage of an inverted, interference or phase 
r^oscope. Cells are warmed to 37°C while viewed using video-enhanced optics coupled with eomputor- 
aSstedim^ 

Asketand hZ 1988; Computers and Biomedical Res. 21:551-61). Keratinocytes bordering artificially created 
wounde ^rnade w?h fire-poiished pasteur pipets, or keratinocytes at the edge of intact sheets, are then recorded for 

70 motilitv as a function of matrix condition. ^„«««*™t 
For cell proliferation studies, keratinocytes are plated in triplicate onto plastic or matrix (intact or collagenase tree - 
ed- doses from 0-64 U/ml, with 4 U/ml sufficient to deliver maximal proliferative responses seen within 7 day s post- 
Plating) at 2-5K cells/cm*. Cel.s are fed on alternate days with Keratinocyte-SFM and triplicate wells of cells counted 
5 1 S u ing a Coulter Counter. ZF. Cell counts, together with errors of the mean are plotted as a unrfion of t.me and 

rs condition usfng Kaleidograph, a software support compatible with the Macintosh computer workstat.on ,n the lab. 

Crude Collagenase: 

This was obtained substantially as described by Chiulli and Wegman in U.S. 3,705,083 (see page 1 above), .with 
minor motion, It is the powder used as the active ingredient in Santyl* Ointment. The co^genase content ranges 
from 100-300 ABC units per mg, and the proteanase content ranges from 30 to 240 FFC units/mg. 

Cleaned-Up Collagenase: 

Crude Collagenase was suspended in distilled water and after thorough stirring was centrifuged. The centrifuge 
tubing were Sid and the supernatant was again centrifuged. The resultant clarified solution was "cleaned up 
product. 

ABC Purified Collagenase: 

This was prepared from crude collagenase by chromatography substantially eliminating other proteinases. The 
purified collagenase used contained only about 0.1 FFC units proteinases per mg. 

Pool 3A 

This was a combination of fractions discarded in the chromatography yielding Purified Collagenase. 
Clostripain 

A proteinase present in crude. This sample was a commercially .available clostripain. 
The collagenases were provided by Advance Biofactures Corporation of Lynbrook, NY 11563. 
in the following tests, the concentration of collagenase used in all of the samples of varying punt.es was 4 ABC 
units per ml. 

Figure I presents graphically the motility (migration) data 
45 Figure II presents graphically the proliferation data. 

Table I gives the migration results in terms of Migration Index. 
Table II gives the proliferation results in terms of Proliferation Index. 
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TABLE I 


I -- MATRIX MODULATES KERATINOCYTE SHEET MIGRATION ~1 


flMatrix 


Migration Index (Ml)$ | 


I Untreated 


1.0 


J ABC Purified Collagenase 


3.1 



mean motilitv (experiment) 
$Ml " mean motility (control) 
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MATRIX. MODULATES KERATiNOCYTE 


SHEET MIGRATION 


Matrix 


Migration Index (Ml)$ 


Cleaned-Up Crude Collagenase 


2.4 


Crude collagenase 


TI- 1 


mean motility (experiment) 
$Ml ~ mean motility (control) 

TABLE II 


~ MATRIX MODULATION OF KERATINOCYTE PROLIFERATION J 


Matrix 


Proliferation Index (P!)$ J 


Untreated 


,o — 


ABC Purified Collagenase 


2.1 


Cleaned-Up Crude Collagenase 


1.4 


Crude Collagenase 


1.3 


Clostripain 


1.3 


Pool 3A 


1.3 



mean cell counts (experiments) 
* mean cell counts (control) 

in these tests, treatment of the extracel,u,ar matrix with the purified colfegenase 1*"^^"^^ 
3-.old over the untreated matrix control, and potentiated keratinocyte prohferafon 2-fold °vjr the untrea ed mat x 
control. Other similar tests gave migration rates up to 1 0-fold over untreated matnx Furthenn every 
with the purified collagenase were superior to those obtained with the less pure (cleaned up crude and crude) colla 

9e To S ther series of tests employed three kinds of synthetic sub-cellular matrices, prepared respectively from normal 
skinfiSLts endothelial cells, and cells from keloid scars. Each was treated with concentrates of punted coHa- 
qenase ^ ranging "rom 1 ABC uniUmi to 64 ABC units/ml, and the rate of cell growth (proliferation) » 
eaSh maSx ti g ro^h rate at 64 units/ml was taken as the rate beyond which a higher dosage would have on y mrted 
M^XS* 50% of that growth rate (designated ED 50) was for each matrix about 1 ABC unrtftnL 
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Claims 

1 A method of growing artificial skin In vitro, wherein the migration and proliferation of keratinocytes is 

growing ^ said artificial skin in the presence of an effective concentration of added punfied Clostnd.opept.dase A 
collagenase substantially free from other proteinases. 

2. A method according to claim 1 wherein the concentration of said collagenase in the growth medium is from 0.5 
ABC units/ml to 150 ABC units/ml. 

3. A method according to claim 2 wherein the collagenase concentration is within the range of 2 to 50 ABC units/ml. 

4 The use of purified Clostridiopeptidase A collagenase substantially free from other proteinases in the preparation 
' of a medicament for enhancing the migration and proliferation of keratinocytes in wound heal.ng. 

5 The use of purified Clostridiopeptidase A collagenase substantially free from other proteinases in the preparation 
oi l rdicameni t for treating an open wound in the skin by contacting exposed subcellular matnx w,th sa.d med- 
icament to enhance the rate of migration of keratinocytes towards the wound edges. 

6. Use according to claim 4 or claim 5 wherein said medicament is prepared in the form of an aqueous solution 
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containing from 0.5 ABC units collagenase/ml to 150 ABC units/ml. 
7. Use according to claim 6 wherein the collagenase concentration in said medicament is within the range of 2 to 50 



ABC units/ml. 
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[57] ABSTRACT 

The present invention relates to a biological support for cell 
cultures formed by the coagulated mixture of a concentrate 
of plasma proteins and thrombin. 

The protein concentrate is obtained by precipitating fresh 
plasma with ethanol and contains balanced proportions of 
fibrinogen, Factor Xffl and fibronectin. The thrombin con- 
centration is adjusted to obtain the desired consistency of the 
support coagulated in the form of a film. 

The biological support is preferably used for preparing a 
culture of keratinocytes, recovering them in the form of a 
reconstituted tissue and transporting same. The reconstituted 
tissue is thus particularly suitable for use as a graft. 

16 Claims, No Drawings 
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BIOLOGICAL SUPPORT FOR CELL 
CULTURES CONSTITUTED BY PLASMA 
PROTEINS COAGULATED BY THROMBIN, 
ITS USE EN THE PREPARATION OF 
KERATOCYTE CULTURES, THEIR 
RECOVERY AND THEIR TRANSPORT FOR 
THERAPEUTIC PURPOSES 

This application is a continuation of application Ser. No. 
07/444,967 filed on Dec. 4, 1989, now abandoned. 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a biological support for 15 
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cell cultures, constituted by a coagulated mixture or a 
concentrate of plasma proteins and thrombin, its use in the 
preparation of keratinocyte cultures and their transport in the 
form of reconstituted epidermises, and their use for thera- 
peutic purposes. 

2. Description of Related Art 

The reconstitution in a laboratory of a living skin similar 
to the human skin from a few cells obtained from a biopsy, 
or of a simplified skin performing the physiological func- 
tions of a normal skin, is being studied extensively In the 
aim of replacing skin damaged by a serious disease (genetic, 
etc.) or destroyed by major bums. 

The skin is a complex organ composed of three juxta- 
posed tissues: the epidermis, 85% of which is constituted by 
keratinocytes which form the impermeable horny layer that 
isolates the body from the outside environment; the dermis, 
which comprises cells, including fibrocytes, separated by a 
connective tissue composed mainly of collagen; the dermis 
lies on the hypoderma, which includes the cells dedicated to 
storing fats. Artificial reconstitution of such a complex organ 
thus poses numerous problems. 

The first tissue to have been partially reconstituted in vitro 
was the dermis, this being achieved by the Bell team (Bell 
et al.) Proc. Natl Aced ScL 76-1979-1274). 

Starting with skin biopsies, fibroblasts have been success- 
fully established in cultures, first in monolayers, then, after 
a number of passages, by dispersing these cells in culture 
medium containing collagen (extracted from rat's tail ten- 
dons), the latter forming a gel and permitting three-dimen- 45 
sional cultures. In such cultures, the fibroblasts can be seen 
interacting with the matrix of the collagen, organizing it and 
contracting It as in a normal dermis. This tissue^reconsti- 
tuted in vitro, is known as an "equivalent dermis". After a 
few weeks' growth, the mechanical qualities of the equiva- 50 
lent dermis allow it to be used for grafting onto a patient or 
injured person. It does not appear to be rejected by its host. 
However, this equivalent dermis is merely a temporary 
dressing: it cannot restore the the cutaneous barrier function. 

Furthermore, the Green team (H. Green et al. Proc. Natl. 
Aced. Sci. 76, 1979, 5665) has developed a method and a 
culture medium enabling keratinocytes to be grown for long 
periods. This method includes inoculating the keratinocytes 
dispersed with trypsin on a pre-established monolayer of 
fibroblasts, in particular 3T3 cells, lethally irradiated and 
which serve as a nutritive layer and as a matrix. The 
epidermal layer develops very rapidly to form a tissue 
having a thickness of 3 to 5 cells; it can be grafted onto a 
patient and continue to differentiate in situ. It has already 
proved possible to save those suffering from severe burns 
using this technique (G. Gallico et al. New England J. Med. 
311, 1984, 448). 



With Green's technique, it is possible to obtain, from a 
biopsy of two square centimeters an epidermis of one square 
meter in the space of three weeks. 

Recovery of the reconstituted tissue in order to make a 
graft therefrom still poses a number of technical problems. 
It is indeed, necessary to detach the cells from the culture 
dish, using an enzyme treatment, without dissociating them 
from one another; during this operation, one always 
observes a retraction of the cell layer, hence a loss of a 
certain percentage of the surface area of the graft. Once the 
reconstituted tissue has been detached, it has to be fastened 
to a support that enables it to be transported and grafted onto 
the patient. A vaseline treated gauze dressing is generally 
used. All these manipulations are delicate and lime consum- 
ing. 

It would thus be highly beneficial to have at one's disposal 
novel biological supports that can be resorbed in time by the 
patient who has received the graft and which simplify the 
handling of the cells. In addition, to ensure their availability 
these supports or their constituents would have to lend 
themselves to preparation and packaging in accordance with 
industrial processes. 
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SUMMARY OF THE INVENTION 

The Applicant has thus developed a biological support for 
cell cultures constituted by a mixture of a concentrate of 
plasma proteins that can be coagulated by thrombin and of 
the quantity of calcic thrombin that is necessary to activate 
coagulation. 

The coagulation of the plasma proteins in the presence of 
thrombin is chiefly due to the formation of a polymerized 
fibrin network which imitates the formation of a blood clot 
To form a support suitable for the preparation of cell 
cultures, coagulation is carried out under conditions condu- 
cive to the formation of a film and, more particularly, m Petri 
flasks or in any flask suitable for cell cultures. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The concentrate of plasma proteins has already been 
described by the Applicant in European patent application 
88 401 961 3: it is obtained by precipitating fresh plasma, in 
two successive treatments using a 10% ethanol solution at 4 
C The concentrate contains over 90% of fibrinogen and, per 
gram of proteins, at least 0. 1 IU of Factor XID and from 0.03 
to 0.1 grams of fibronectin. The concentrate is packaged and 
freeze dried to preserve It until it is used. 

The present invention thus also concerns the concentrate 
of proteins that can be coagulated by thrombin, specially 
packaged for preparation of the biological support for cell 
cultures. 

At its time of use, the concentrate is redissolved in a saline 
aqueous solution or in a solution containing a polyvalent 
protease inhibitor, preferably aprotinin, at a concentration of 
3000 KlU/ml. 

To activate the coagulation process, hence the formation 
of the film serving as a support for the cells, thrombin is 
added, with or without calcium. The process includes the 
transformation of fibrinogen into fibrin through the action of 
thrombin and the polymerization of monomelic fibnn with 
fibronectin through the action of Factor XHI activated by 
Ca*"*" ions. 

To form the support according to the invention, which is 
particularly appropriate for cell cultures, the thrombin con- 
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centration is preferably adjusted to approximately 10 IU/ml 
(a far lower concentration than the one used when the 
desired consistency is different, as in the case of biological 
glues— patent No. 88 401 961 3, mentioned above). 

According to different forms of embodiment of the inven- 
tion it is possible to incorporate In the support various 
additives particularly designed to promote cell multiplica- 
tion in vitro or in situ and thus favoring the healing of the 
wound after grafting. 

The support can thus contain an additive promoting cell 
muldplication such as a growth factor and, more particu- 
larly, EGF ("epidermal growth factor"). 

A healing agent or an antibiotic can also be incorporated. 
The support according to the invention is particularly 
advantageous when preparing human keratinocyte cultures. 
These cells can be either primary cultures derived from skin 
biopsies obtained from a patient and that have undergone 
between 1 and 4 passages in 1/15 to 1/20 dilutions, or cells 
preserved in the form of banks in liquid nitrogen. 

These keratinocytes established in a confluent layer are 
trypsinized and replaced in suspension in an appropriate 
culture medium at the time of their seeding on the support 
according to the invention. 

The use of the biological support according to the inven- 
tion can be adapted in three different ways. 

According to a first method of use, the biological support 
is prepared in the form of a film, by mixing its two 
constituents in a culture dish; a suspension of keratinocytes 
is seeded on this film, in an appropriate culture medium. 
When the keratinocyte culture has become confluent or 30 
semi-confluent, it forms a replacement tissue that can be 
recovered directly as a graft that can be detached usmg 
forceps and transported from the dish to the patient, on 
whom it is applied as it is, without there being any need for 
a temporary support such as gauze. This makes for a 
considerable saving in working time and 100% recovery of 
the tissue grown. 

According to another method of using the support accord- 
ing to the invention, the two constituents of the support are 
mixed with the keratinocytes suspension in such a way as to 
integrate the cells in the film that will be formed subse- 
quently. According to this method, the two constituents can 
be mixed with the cell suspension in a culture disband then 
used as a grafftas in" the method described above; It can also 
be carried out directly on the patient's wound, prepared to 
receive a graft, in particular by spraying the biological 
support and the cells using a vector gas (nitrogen) at a 
pressure of 2 to 2.5 bars. 

According to another method of using the support accord- 
ing to the invention, its two constituents are mixed on a cell 
layer of keratinocytes pre-established In a culture dish, in 
such a way that the cells are coated with the film that has 
formed and can thus be detached and transported in order to 
be applied as a graft. 

The following examples serve to illustrate the invention 
without thereby restricting its scope. 

Example I — Preparation of the biological support 
for cell cultures 

A biological support for cell cultures is prepared by 
mixing a concentrate of coagulable plasma proteins and the 
quantity of calcic thrombin necessary to activate coagula- 
tion. 

A. Preparation of the concentrate of plasma 
proteins 

The preparation of the protein concentrate has already 
been described by the Applicant in European patent appli- 
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cation No. 88 401 961 3. To summarize, use is made of non 
cryoprecipitated human plasma; it is precipitated twice in 
succession in a 10% solution of ethanol at a pH of 7.2 and 
a temperature of 4° C. Between two successive precipita- 
tions, the product undergoes a virus inactivation treatment. 
The precipitate, separated from the supernatant by centri- 
fuging, is washed in ethanol at 4° C. and re-centrifuged. The 
precipitate is replaced in suspension in a Tris/citrate buffer, 
adjusted to a protein concentration of approximately 35 gfl 
and lysine is added thereto at a final concentration of 0.1 to 
0 2 g per gram of proteins. After diafiltration to remove the 
alcohol and the citrate, and to adjust the ionic force, the 
concentrate is packaged in flasks and freeze dried. 

This protein concentrate contains, per gram of proteins, at 
least 0.9 g of fibrinogen, 0.03 to 0.06 g of fibronectin and 
0.15 to 0.30 IU of Factor Xm. 

B. Preparation of the support for cell cultures 

The protein concentrate described above is replaced in 
suspension in an aqueous solution, with or without aprotmin, 
at a concentration of 3000 KlU/ml (kallikrein inhibitor 
units/ml). 

This solution is mixed with an equal volume of calcic 
thrombin at 10 IU/ml. 

For a Petri dish, with a diameter of 10 cm, use is made of 
2 ml of protein suspension and 2 ml of thrombin, these two 
solutions being injected simultaneously using two syringes 
interconnected by a mixing coupling. The Petri dish is 
shaken to obtain uniform distribution and the preparation is 
then allowed to rest for 15 to 20 minutes. It forms a film that 
covers the dish. 

The culture dishes are of the type "non treated for cell 
cultures", which ensures that the support does not adhere 
permanently, thus farilitating its subsequent recovery. 

This film is then covered with cell culture medium. This 
medium is renewed several times until the osmotic pressure 
of the film is stabilized within a range compatible with the 
physiology of the cells, i.e. between 260 and 340 mosM 
(milliosmoles). 

Alternatively, the reconstituted protein concentrate can be 
dialyzed before it is mixed with the thrombin. 
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Example 2— Preparing a keratinocytes culture on 
the biological support 

Use is made of primary cultures of keratinocytes prepared 
using Green's classical technique from skin biopsies 
obtained from a patient's skin (or an embryo's skin to form 
foetal cell banks). These primary cultures can undergo 4 to 
5 passages in 1/10 dilution. 

A layer of confluent keratinocytes is trypsinized, replaced 
in suspension in culture medium and seeded in 1/10 dilution 
on a Petri dish covered with a film of the biological support 
described in example 1 . 

After a few hours, the cells adhere to the support, where 
they then multiply normally until they form a fragment of 
confluent epidermis having a thickness of 3 or 4 cell layers. 

This fragment of reconstituted epidermis, adhering to the 
support, can be detached from the culture dish using forceps 
and applied as it is to a wound prepared to receive a graft. 

As the cells adhere to the support, there is no need to 
attach the reconstituted epidermis to another support such as 
the vaseline treated gauze which has to be used with the 
other types of culture. This makes for a considerable saving 
in working time, it being possible to handle 40 Petri dishes 
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an hour as opposed to the 4 Petri dishes of the conventional 
techniques. 

Furthermore, this support stands up well to handling and 
does not retract at the time of detachment, which makes it 
possible to recover 100% of the surface area of the cell layer 
of the culture, 

Example 3— Recovery of a pre-established cell 
layer using the biological support 

Keratinocytes are inoculated according to Green's con- 
ventional method, in a Petri dish covered with a layer of 
lethally irradiated fibroblasts. 

When the sheet of keratinocytes is confluent and formed 
of several layers of cells, the culture medium is removed, an is 
EDTA solution is added for 1 hour 30 minutes, this being 
followed by washing twice with PBS. The biological support 
is then poured directly onto the layer of cells, in accordance 
with the method described in example 2. 

When the film is formed over the cells, it can be detached 20 
using forceps and used as a graft, as in the preceding 
example. 



Example A — Incorporation of the cells into the 
biological support 
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A syringe of protein solution and a syringe of thrombin 
containing the keratinocytes in suspension are prepared 
These keratinocytes can be taken from a fresh, trypsimzed 
culture or from a bank of cells preserved in liquid nitrogen. 

The two syringes are interconnected by means of a mixing 
coupling and the support containing the cells is sprayed onto 
the Petri dish (or onto the wound to receive the graft); the 
cells are thus held in the film during its coagulation. The 
spraying can be carried out using a vector gas (nitrogen at a 
pressure of 2 to 2.5 bars). 

This spraying does not denature the cells and the cell layer 
can be observed to reform, in culture in vitro. The cells 
should thus multiply normally or practically normally, when 
the rnixture is sprayed, in a very thin layer, direcdy onto a 40 
wound. 

^JVe claim* 

1 A biological support for skin grafts, which comprises 
approximately 10 IU/ml of calcic thrombin and a mixture of 
a concentrate of proteins that can be coagulated by thrombin, 45 
obtained by treating noncryoprecipitated plasma with etha- 
nol and containing proportions of coagulable fibrinogen, 
Factor XIII, and plasma fibronectin sufficient to form a 
biological support in the presence of calcic thrombin. 

2 The biological support according to claim 1, wherein 50 
the concentrate of coagulable plasma proteins contains over 
90% of fibrinogen and, per gram of proteins, and at least 0.1 
IU of Factor XIE and 0.03 to 0.1 grams of fibronectin per 
gram of protein. 



3. The biological support according to claim 2, wherein 
the protein concentrate is obtained by precipitating fresh 
plasma, in two successive treatments with a 10% solution of 
ethanol at 4° C. 

4. The biological support according to claim 1, wherein 
the protein concentrate is freeze dried. 

5. The biological support according to any one of claims 
1 to 3, wherein the protein concentrate is placed in suspen- 
sion in an aprotinin solution, said aprotinin solution having 
a concentration of 3000 KlU/ml. 

6. The biological support according to any one of claims 
1 to 3, wherein it contains, as an additive, an enhancer of cell 
multiplication. 

7. The biological support according to any one of claims 
1 to 3, wherein it contains, as an additive, an antibiotic. 

8. A method of using the biological support according to 
any one of claims 1 to 3, which comprises preparing a 
culture of human keratinocytes, fetal or adult, on said 
biological support to form a skin replacement tissue and 
recovering, transporting and applying said skin replacement 
tissue as a graft. 

9. The method according to claim 8, wherein said protein 
concentrate and calcic thrombin are mixed in such a way as 
to form a uniform film in a culture dish and the keratinocytes 
in suspension in culture medium are seeded on said film. 

10. The method according to claim 8, wherein said protein 
concentrate and calcic thrombin are mixed with a suspension 
of keratinocytes in such a way as to integrate the cells into 
the film subsequently formed. 

11. The method according to claim 9, wherein the kera- 
tinocytes suspension is obtained after dispersion of a fresh, 
pre-established cell layer. 

12. The method according to claim 9, wherein the kera- 
tinocytes suspension is obtained from a bank of cells pre- 
served in liquid nitrogen. 

13. A method of using a biological support according to 
any one of claims 1 to 3, which comprises recovering a 
culture of human keratinocytes, fetal or adult, pre-estab- 
lished on the biological support of any one of claims 1 to 3, 
and transporting said culture and biological support to a 
patient i n need thereof. . 

14. The method according to claim 13, wherein said 
protein concentrate and calcic thrombin are mixed on the 
pro-established cell layer in a culture dish. 

15. The biological support according to claim 1, wherein 
said concentrate contains more than 90% fibrinogen per 
gram of protein. 

16. A composition which comprises a culture of human 
keratinocytes attached to said biological support of any one 
of claims 1 to 3. 



